Development of Surface Plasmon Coupled Emission Imaging System by 蔡伟鹏
学校编码：10384                                     分类号      密级        
学号：20520070153579                                UDC        
 
 
  博  士  学  位  论  文 
 
表面等离子体耦合发射荧光成像系统的研制 
Development of Surface Plasmon Coupled  
Emission Imaging System 
 
蔡 伟 鹏 
  
指导教师姓名：李耀群教授  
专 业 名 称 ：分 析 化 学 
论文提交日期：2013 年 9 月 
论文答辩时间：2013 年 9 月 
学位授予日期：2013 年  月 
  
答辩委员会主席：           
评    阅    人：           
 





























Development of Surface Plasmon Coupled  








Supervisor: Prof. Yao-Qun Li 
 
 
Submitted to the Graduate School of Xiamen University for the 
Degree of  
Doctor of Philosophy 
 


































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 






























第一章 绪 论 ............................................................................................ 1 
1.1 表面等离子体耦合发射荧光法 ................................................................... 1 
1.1.1 表面等离子体耦合发射荧光简介 .................................................... 1 
1.1.2 表面等离子体耦合发射荧光的性质 ................................................ 4 
1.2 表面等离子体耦合发射荧光光谱研究现状 ............................................. 10 
1.2.1 表面等离子体耦合发射荧光的发展 .............................................. 11 
1.2.2 表面等离子体耦合发射荧光的应用 .............................................. 15 
1.3 表面等离子体耦合发射荧光成像研究现状 ............................................. 20 
1.3.1 基于荧光相关光谱的表面等离子体耦合发射荧光成像研究 ...... 21 
1.3.2 基于点扩散函数的表面等离子体耦合发射荧光成像研究 .......... 23 
1.3.3 基于泄漏辐射显微镜的表面等离子体耦合发射荧光成像研究 .. 25 
1.3.4 基于抛物面状聚合物的表面等离子体耦合发射荧光成像研究 .. 27 
1.3.5 基于双光子激发的表面等离子体耦合发射荧光成像研究 .......... 29 
1.3.6 基于光栅耦合的表面等离子体耦合发射荧光成像研究 .............. 30 
1.4 论文构思 ..................................................................................................... 31 
参考文献 ............................................................................................................. 33 
第二章 棱镜型 RK 模式 SPCE 成像系统的研制 .................................... 45 
2.1 引言 ............................................................................................................. 45 
2.2 基本系统 ..................................................................................................... 47 
2.2.1 系统整体设计 .................................................................................. 47 
2.2.2 光源 .................................................................................................. 48 
2.2.3 光路扩束系统 .................................................................................. 48 
2.2.4 棱镜耦合元件 .................................................................................. 51 















2.3 基于 RK 模式的 SPCE 成像实验考察 ......................................................... 53 
2.3.1 仪器和试剂 ...................................................................................... 53 
2.3.2 实验方法 .......................................................................................... 54 
2.3.3 SPCE成像性质考察 ......................................................................... 55 
2.4 小结 ............................................................................................................. 65 
参考文献 ............................................................................................................. 65 
第三章 RK 模式 SPCE 成像增强效果研究 ............................................. 69 
3.1 引言 ............................................................................................................. 69 
3.2 实验部分 ..................................................................................................... 70 
3.2.1 实验仪器 .......................................................................................... 70 
3.2.2 实验试剂 .......................................................................................... 71 
3.2.3 实验步骤 .......................................................................................... 71 
3.3 结果与讨论 ................................................................................................. 73 
3.3.1 SPCE成像增强效果分析 ................................................................. 73 
3.3.2 SiO2电介质间隔层厚度对 SPCE成像信号的影响 ........................ 79 
3.3.3不同金属基底对 SPCE成像信号的影响 ......................................... 83 
3.4 小结 ............................................................................................................. 88 
参考文献 ............................................................................................................. 89 
第四章 RK 模式 SPCE 成像与光谱双通道检测系统的研制及其在微阵
列芯片中的应用 ...................................................................................... 93 
4.1 引言 ............................................................................................................. 93 
4.2 实验部分 ..................................................................................................... 95 
4.2.1实验仪器与器件 ............................................................................... 95 
4.2.2 实验试剂 .......................................................................................... 95 
4.2.3 实验方法 .......................................................................................... 95 
4.3 结果与讨论 ................................................................................................. 96 
4.3.1 RK模式 SPCE成像与光谱双通道检测系统的研制 ....................... 96 















4.4 小结 ........................................................................................................... 110 
参考文献 ........................................................................................................... 111 
第五章 KR/RK 双模式 SPCE 成像系统的研制 ..................................... 114 
5.1 引言 ........................................................................................................... 114 
5.2 实验部分 ................................................................................................... 115 
5.2.1 实验仪器与器件 ............................................................................ 115 
5.2.2 实验试剂 ........................................................................................ 116 
5.2.3 光学系统 ........................................................................................ 116 
5.2.4 实验方法 ........................................................................................ 119 
5.3 结果与讨论 ................................................................................................ 119 
5.3.1 CCD不同积分时间的信号强度响应考察 ..................................... 119 
5.3.2 KR/RK双模式 SPCE成像金属基底的选择 ................................... 120 
5.3.3 KR/RK双模式 SPCE成像研究 ....................................................... 126 
5.4 小结 ........................................................................................................... 132 
参考文献 ........................................................................................................... 133 
第六章 结语与展望 .............................................................................. 137 
6.1 论文的主要贡献和研究创新性 ................................................................ 137 
6.2 研究工作的展望 ........................................................................................ 137 
缩略语 ..................................................................................................... 139 
攻读博士学位期间所获奖项 ................................................................ 140 
攻读博士学位期间论文发表与交流情况 ............................................ 141 



























Abstract (Chinese) .................................................................................... I 
Abstract (English) .................................................................................. III 
Chapter 1 Background and Objective of the research .......................... 1 
1.1 Surface Plasmon Coupled Emission (SPCE) ............................................... 1 
1.1.1 Introduction of SPCE ............................................................................ 1 
1.1.2 Properties of SPCE ............................................................................... 4 
1.2 Review of study in SPCE spectrocopy........................................................ 10 
1.2.1 Development of SPCE spectroscopy .................................................. 11 
1.2.2 Application of SPCE spectroscopy ..................................................... 15 
1.3 Review of study in SPCE imaging .............................................................. 20 
1.3.1 Fluorescence Correlation Spectroscopy (FCS) in SPCE imaging ...... 21 
1.3.2 Point Spread Function (PSF) of SPCE imaging ................................. 23 
1.3.3 SPCE imaging based on Leakage Radition Microscopy (LRM) ........ 25 
1.3.4 SPCE imaging based on paraboloid polymer elements ...................... 27 
1.3.5 Two-photo excitation (TPE) induced SPCE imaging ......................... 29 
1.3.6 SPCE imaging based on grating coupler ............................................ 30 
1.4 Objectives of the research ........................................................................... 31 
References ........................................................................................................... 33 
Chapter 2 Development of prism-based reverse Kretschmann (RK) 
configuration SPCE imaging system ..................................................... 45 
2.1 Introduction .................................................................................................. 45 
2.2 SPCE imaging system .................................................................................. 47 
2.2.1 Design of SPCE imaging system ........................................................ 47 
2.2.2 Selection of light source ...................................................................... 48 
2.2.3 Bean expander ..................................................................................... 48 















2.2.5 Detection system and data processing ................................................ 52 
2.3 Investigation of RK configuration SPCE imaging .................................... 53 
2.3.1 Apparatus and materials ...................................................................... 53 
2.3.2 Methods ............................................................................................... 54 
2.3.3 Investigation of SPCE imaging ........................................................... 55 
2.4 Conclusions ................................................................................................... 65 
References ........................................................................................................... 65 
Chapter 3 Study of Fluorescence enhancement in RK configuration 
SPCE imaging .......................................................................................... 69 
3.1 Introduction .................................................................................................. 69 
3.2 Experiment ................................................................................................... 70 
3.2.1 Apparatus ............................................................................................ 70 
3.2.2 Materials ............................................................................................. 71 
3.2.3 Methods ............................................................................................... 71 
3.3 Results and Discussion ................................................................................. 73 
3.3.1 Analysis of enhancement effect in SPCE imaging.............................. 73 
3.3.2 Effects of dielectric spacer layer thickness on SPCE imaging ........... 79 
3.3.3 Effects of metal substrates on SPCE imaging ..................................... 83 
3.4 Conclusions ................................................................................................... 88 
References ........................................................................................................... 89 
Chapter 4 Development of prism-based RK configuration 
dual-channel system for SPCE imaging and spectroscopy and its 
application in microarray detection ...................................................... 93 
4.1 Introduction .................................................................................................. 93 
4.2 Experiment ................................................................................................... 95 
4.2.1 Apparatus ............................................................................................ 95 
4.2.2 Materials ............................................................................................. 95 















4.3 Results and Discussion ................................................................................. 96 
4.3.1 Development of RK configuration dual-channel system for SPCE 
imaging and spectroscopy ............................................................................ 96 
4.3.2 Application of the dual-channel system in microarray detection ...... 103 
4.4 Conclusions ................................................................................................. 110 
References ......................................................................................................... 111 
Chapter 5 Development of dual-mode system for Kretschmann (KR) 
and RK configuraiton SPCE imaging system .................................... 114 
5.1 Introduction ................................................................................................ 114 
5.2 Experiment ................................................................................................. 115 
5.2.1 Apparatus .......................................................................................... 115 
5.2.2 Materials ........................................................................................... 116 
5.2.3 Imaging system ................................................................................. 116 
5.2.4 Methods ............................................................................................. 119 
5.3 Results and Discussion ............................................................................... 119 
5.3.1 CCD intensity response with different integration time ................... 119 
5.3.2 Selection of metal substrate .............................................................. 120 
5.3.3 KR and RK dual-mode SPCE imaging measurement....................... 126 
5.4 Conclusions ................................................................................................. 132 
References ......................................................................................................... 133 
Chapter 6 Innovation and Prospect .................................................... 137 
6.1 Innovation ................................................................................................... 137 
6.2 Prospect ....................................................................................................... 137 
AppendixⅠAbbrevitative words ......................................................... 139 
AppendixⅡAwards and Honors.......................................................... 140 
AppendixⅢPublications during Ph.D study ...................................... 141 

























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
